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Abstract:  The performance of construction site tradespeople is one of critical factors to the success of 
any construction project. Poor quality of construction site tradespeople in the Indonesian construction 
industry contributes a major influence on the overall performance and efficiency of construction 
projects. In fact, contractors are still facing lack of site tradespeople’s skill to complete construction 
projects satisfactorily. Most “skilled” tradespeople enter construction industry and receive informal 
training from a master craftsman, rather than following a formal course conducted by an institution. 
This paper argues that well-trained site tradespeople have an important role in minimising the amount 
of construction waste activities during the construction process leading to reduce company’s 
productivity. The paper introduces a just-in-time (JIT) training program for construction site 
tradespeople, in which they are trained while they are doing a construction activity by receiving one-
on-one instruction from a supervisor. Hence, the paper attempts to explore a significant role of JIT 
training program during the construction process and its relationship with construction site 
tradespeople’s productivity. Based on three case studies targeted at building construction in Indonesia, 
this paper states that a significant achievement in increasing company’s productivity has been attained 
by contracting companies that have conducted JIT training for their site tradespeople. Evidence of the 
increase of the company’s productivity is expressed by measuring the value of the PPC of the projects. 
 
 
1. Background 
 
The concern of construction productivity in Indonesia has been acknowledged in both the construction 
industry and academia. Because the business environment in construction is highly competitive, 
participants in the industry must improve construction productivity performance to survive (Park et al., 
2005). Most previous study focused on defining factors that influence productivity and on measuring 
limited parts of construction activities at a micro level to investigate the relationship between factors 
and productivity. Even though many contractors in Indonesia have developed their own method to 
increase their company productivity level based on their experiences, none have been successful in 
applying JIT training program for their construction site tradespeople (Alwi, 2004).  
 
Most contracting companies depend their performance on medium and high level of construction site 
personnel such as supervisors, site engineers, project managers, etc. As contractors believe that such 
level of construction personnel are highly educated, they start to overlook the role of lower level of 
construction personnel on company’s performance. The lower level of construction personnel are 
known as construction site tradespeople. There is some limited evidence from any research in the 
Indonesian construction industry to support the notion that better construction site tradespeople’s 
performance leads to improved construction performance. However, in fact the performance of 
construction site tradespeople contribute to the success of any construction project. It can be said that 
poor quality of construction site tradespeople has a major influence on the overall performance and 
efficiency of construction projects. 
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Construction site tradespeople development is essential for successfully implementing contractor’s 
strategic plan, goals and objectives, and they need to participate in continuing education and training 
as necessary to improve their performance and proficiency and ensure that they stay up-to-date on 
changing technology and new requirements. 
 
The necessary training program should be provided by contractors or other institutions in order to: 
• Ensure that all construction site tradespeople carry out construction activities in accordance 
with approved project documents, established engineering practices, and construction industry 
standards; 
• Provide on-site presence for the evaluation of site tradespeople activities and evaluate 
contractor performance using surveillance, audits, and inspections; and 
• Ensure compliance with environmental, safety and healthy, quality assurance, and 
Occupational Safety and Healthy Act requirements. 
 
The research introduces the application of just-in-time (JIT) training program for construction site 
tradespeople in building construction in Indonesia. As this paper argues that well-trained construction 
site tradespeople have an important role in minimising the amount of waste activities during the 
construction process leading to reduce company’s productivity, the aim of this research is to 
investigate the implementation of JIT training program during the construction process and its 
relationship with construction site tradespeople’s productivity. 
 
 
2. Site Tradespeople Skill Problems and Training Program 
 
The majority of the Indonesian construction site tradespeople are self-employed, and are often farmers 
from rural areas. Typically young tradespeople are often recruited through friends or relatives (often of 
the foremen). They are low skilled, earn low wages, and hence are less effective. Consequently, the 
clients, contractors and other project participants complain of the difficulty in finding sufficiently skilled 
tradespeople. Most skilled tradespeople enter the industry and receive informal training from a master 
craftsman, rather than following a formal course conducted by an institution. There have been dire 
shortages of skilled manpower to cope with the boom in construction activities in Indonesia. The 
performance of site tradespeople is critical to the success of any construction project. 
 
According to the recent research (Alwi and Hampson 2003), contractors are still facing lack of site 
tradespeople’s skill to complete the projects satisfactorily. In fact, the paper stated that “skilled” 
operatives were often not skilful, having gained their experience on the job site, learning construction 
skills through trial and error. The trend observed with activities on the project was that site 
tradespeople did not use their own initiative, and instead relied on both the foremen and the 
supervisors’ ability to check and approve all works. 
 
Many construction site tradespeople jobs require no experience or training related to the occupation. 
Many of them enter the occupation with few skills because training is not encouraged and available 
through labourer training centres. Today there is no regular and proper training provided by 
government to increase the pool of skilled workers (Alwi et al. 2001). As a result, site tradespeople are 
predominantly unqualified and unskilled. 
 
Lack of site tradespeople’s skill within the Indonesian construction industry has been acknowledged 
over the last ten years. In fact, the increasing of the level of the site tradespeople’s skill is the 
responsibility of foremen. However, most of project participants argued that either contractors or 
government should take a part of the responsibility as well. Training programs are identified as the key 
issue and needed to be organised by government. In contrast, contractors experienced that 
tradespeople were not willing to undertake training programs to develop their ability. There were main 
reasons why they were not keen to do it. First, there were no regulations for tradespeople to undertake 
training programs before entering construction projects. Second, fees of the training program were 
normally expensive. With their limited incomes, tradespeople find it almost impossible to join training 
programs. There was no allowance from government and contractors to assist tradespeople. This 
occurred because many tradespeople were hired on a project basis only. Third, due to family 
commitments, tradespeople preferred to develop their ability by learning from experienced 
tradespeople as this allows them to continue earning a wage. Fourth, some contractors and clients did 
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not demand tradespeople to have a training certificate for employment. As long as tradespeople’s 
ability fulfilled project standards, contractors and clients were willing to employ them. 
 
Site tradespeople as a resource have specific characteristics. The production output of site 
tradespeople is a function of skill and motivation. It is clear that Indonesia has similar problems to 
other developing countries, i.e.: poor worker productivity. In Indonesia, training for site tradespeople by 
contractors is virtually of no existence except in specialised areas such as railways, power plants and 
irrigation, which are still under the government’s control. An experience from another developing 
country such as Sri Lanka identified that Sri Lanka industry is dominated by unskilled workers 
(Jayawardane and Gunawardena 1998). Kaming et al. (1997) reported that approximately 86% skilled 
tradespeople in Indonesia are informally trained by a senior worker only. The same situation exists 
also in other developing countries such as 80% of skilled workers in Sri Lanka (Jayawardane and 
Gunawardena 1998) and 95% in Iran (Zakeri et al. 1996). 
 
 
3. Methodology 
 
The initial approach in this research was to conduct case studies. The data was collected through 
three case studies targeted at contractor companies that got involved in building construction projects 
and focusing on the effects of JIT training on site tradespeople’s productivity. 
 
The effects of JIT training programs on site tradespeople’s productivity were reflected by measuring 
percent plan completed (PPC) of construction activities. Even though PPC does not directly measure 
productivity, the relationship between PPC and productivity was described in the next section. PPC 
can be described as a percentage of the ratio of the number of completed assignments to the total 
number of planned assignments in a week. The metric values of PPC can be ranged from 0 to 100%, 
where the higher the value is, the better the performance of the project will be. The term “PPC” derives 
from The Last Planner System developed by Ballard (2000). The explanation of The Last Planner 
System is beyond the scope of this paper. 
 
Three contractors that were targeted in the case studies are named Companies X, Y and Z. These 
contractors have never been conducting any on-site training program for their field personnel. By using 
a master schedule, the number of assignments planned in a week was designed together by Site 
Engineers, Supervisors and Foremen. Through daily visual inspection and based on 
foremen/supervisors weekly reports, the number of completed assignments was determined. A weekly 
PPC of the three projects were monitored over the total of 26 weeks period. The monitoring of the PPC 
was divided into two phases. The first phase was carried out over the first 18 weeks and the second 
phase was carried out from week 19 to week 26. 
 
During the first phase, site tradespeople did not receive any on-site training. They completed all works 
required based on a regular basis and PPC was monitored weekly. The number of assignments 
planned in a week was designed based on a constraint analysis and level of tradespeople’s 
productivity. As there are no standards of tradespeople’s productivity in Indonesia, the determination of 
the level of their productivity was based on foremen’s experiences. The matching between load of 
works and capacity of tradespeople was conducted by trial and error method. At the end of each week, 
analysis of root causes of non-completed works was also carried out and the new level of 
tradespeople’s productivity was then determined. 
 
At the end of week 18, JIT training was conducted regularly to all construction site tradespeople. The 
training was given to site tradespeople in order to increase their ability. From week 19 to week 26, 
PPC was monitored again. The comparison of tradespeople’s productivity between first phase and 
second phase was conducted by measuring percentages of work completed against work planned to 
obtain PPC data. 
 
 
4. Just-in-time (JIT) Training Program 
 
The main purpose of JIT training is to increase site tradespeople’s productivity during the construction 
process Just-in-time training program is a method of training that was applied to construction site 
tradespeople during case studies. This training program was executed on site during the construction 
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process, in which site tradespeople learn by doing a job or receiving one-on-one instruction from a 
supervisor in completing construction activities (tasks). Site tradespeople applied this learning 
immediately to tasks for which they were responsible. 
 
Training benefits companies by providing qualified construction workers especially construction site 
tradespeople. The companies appreciated JIT training programs as a result of the increased quality of 
site tradespeople. By increasing their quality, construction waste activities were reduced, and a higher 
number of completed tasks, which also reflected higher PPC value, were achieved. In this paper, the 
level of site tradespeople’s productivity was indicated by comparing the number of completed tasks 
with the total number of planned tasks. The higher the percentage of the ratio of the number of 
completed tasks to the total number of planned tasks in a week is, the higher the value of PPC will be, 
and this indicates a better site tradespeople’s productivity. According to Ballard (2000), a high PPC 
value reflects a well-planned production process with high workflow reliability between production 
units. A PPC less than 100% reflects a failure in the production planning process. Understanding the 
causes of the failure will enable future improvement of the planning process. During the planning 
process, planners are empowered to schedule day-to-day tasks according to the prevailing conditions 
of the site. This includes the quality of site tradespeople that reflects the capacity of them to complete 
tasks. By knowing the capacity of site tradespeople properly, a more predictable tasks load to site 
tradespeople can be achieved, leading to increase the number of completed tasks, which indicates the 
increasing of their productivity. 
 
This training, which was under the responsibility of Quality Department, was designed for tradespeople 
who were working on-site to specifically fulfill a client’s needs according to their specific jobs such as 
painting, plastering, tilling, and bricklaying. The Quality Department scheduled and chose the type of 
training with an approval by a Project Manager. The training focused on educating tradespeople not 
only of how to complete their jobs both effectively and efficiently in the correct manner without 
compromising the quality, but also how to identify all errors occurred, as earlier as possible, during the 
construction process and report the errors, if any, to their supervisor. 
 
The number of site tradespeople involved in this training varies from project to project. They were 
normally around 12 people including foremen and supervisors. The length of the training was normally 
30 minutes or longer, but not more than one hour and it depended on the complexity of the works to be 
completed. The training was divided into two sessions. Firstly, site tradespeople were given 
explanations or theory in relation to the materials used, method and quality of work, waste activities 
and equipment/tools to use. Secondly, an instructor from the Quality Department physically showed 
how to complete the job in the correct manner. In this session, site tradespeople were given the 
opportunity to practice to ensure that they understood clearly of how they should carry out their job 
productively. 
 
The type of the training program was selected by Quality Department according to the needs of work 
to be completed. To better meet on-site training needs it was important that training programs were 
designed to be responsive to the demand for training rather than simply providing a supply mechanism 
to deliver pre-packaged courses in pre-determined areas of training. Training should bear a high 
degree of relevance to the work that tradespeople currently do, or to the work that is planned to do. 
Ultimately, the success of any training activity will depend on individual motivation of the participant 
and the commitment of the companies from which they come. 
 
 
5. Findings and Discussion 
 
The main purpose of the case studies was to investigate the effects of JIT training programs of 
construction site tradespeople on construction productivity. The PPC of Companies X, Y and Z are 
tabulated and graphically presented in Figures 1 to 3, respectively. 
 
There were two important issues that could be noted when the PPC of the first and second phases 
were compared amongst the three companies. The first important issue was related to the average 
PPC, whereas the second important issue dealt with the fluctuations of the PPC. The PPC shown in 
Figures 1 to 3 indicated that the average PPC in the first phase was lower than that in the second 
phase. In the first phase, the average PPC of the Companies X, Y and Z were found to be 28.10, 
30.60 and 41.45, respectively. However, in the second phase, the average PPC increased to become 
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50.31, 48.79 and 49.77. Figures 1 to 3 also showed that the fluctuations of the PPC in the first 18 
weeks were found to be greater compared to the PPC on the weeks 19 to 26. It is worth noting here 
that in the second phase, contractors had better understanding of the productivity level of their 
construction site tradespeople, because the site tradespeople have received a proper JIT training. By 
knowing the site tradespeople’s productivity level, the matching between load of the works and the 
capacity of the tradespeople could be reached easily leading to reducing the fluctuations of the PPC 
and at the same time increasing the PPC itself. 
 
It is important to note that the performance of construction site tradespeople is critical to the success of 
any construction project. According to the project managers, lack of proper training of site 
tradespeople has contributed to the continued increase of waste costs. Contractors argued that 
informal training such JIT training could improve the skills of site tradespeople, decline waste costs 
and thus improve productivity on construction projects. 
 
0
10
20
30
40
50
60
70
80
PP
C
 (%
)
1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 17 18 19 20 21 22 23 24 25 26
Weeks
 
Figure 1.  PPC Data of Company-X 
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Figure 2.  PPC Data of Company-Y 
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Figure 3.  PPC Data of Company-Z 
 
 
6. Conclusions 
 
The need for training at the site tradespeople level, to fulfil a client’s needs, is obvious, and, if 
addressed can improve construction productivity and competitiveness within a company and across 
the industry. Training is more useful when it is designed to address a specific problem. Providing 
training opportunities for employees beyond the executive level enhances employee morale, skills, 
abilities, and, hence productivity. The results of the three case studies concluded that regular JIT 
training for construction site tradespeople has significantly increased the number of completed tasks. 
JIT training is able to reduce the fluctuations of the PPC, and also at the same time increase the value 
of PPC. It can be said that JIT training for site tradespeople enhanced construction productivity in 
Indonesia. The average PPC of the three companies increased up to 80%. Despite a number of 
studies addressing the concept of training programs and their effects leading to improving labour 
productivity, to the best knowledge of the authors, investigations of the effects of JIT training for 
construction site tradespeople in the Indonesian construction industry have never been studied before. 
Therefore, this research has been valuable in creating the foundations for exploring the alternative tool 
to construction productivity improvement. 
 
 
7. References 
 
Alwi, S. (2004) Training Field Personnel for Small to Medium Construction Companies: An Alternative 
Tool to Increase Productivity. Proceedings of the 12th of the International Group of Lean Construction 
Conference, Copenhagen-Denmark. 
 
Alwi, S. and Hampson, K (2003). Identification the Important Causes of Delay in Building Construction 
Projects. Proceedings of the Ninth East Asia-Pacific Conference on Structural Engineering and 
Construction, Bali, Indonesia. 
 
Alwi, S.; Hampson, K. and Mohamed, S. (2002a). Factor Influencing Contractors’ Performance in 
Indonesia: A Study of Non Value-Adding Activities. Proceedings of the International Conference on 
Advancement in Design, Construction, Construction Management and Maintenance of Building 
Structure, Bali, Indonesia. 
 
Alwi, S.; Hampson, K. and Mohamed, S. (2002b). Waste in the Indonesian Construction Project. 
Proceedings of the 1st International Conferences of CIB W107 – Creating a Sustainable Construction 
Industry in Developing Countries, South Africa. 
 
 CT-108--7
Alwi, S; Hampson, K. and Mohamed, S. (2001). Effect of Quality Supervision on Rework in the 
Indonesian Context. Asia Pacific Building and Construction Management Journal, 6 ( ) 2-6. 
 
Badiru, A.B. (1996). Project Management for Research; A guide for engineering and science. 
Chapman & Hall, London. 
 
Ballard, G. (2000). The Last Planner System of Production Control. Doctoral Dissertation, The 
University of Birmingham. 
 
Jayawardane, A.K.W. and Gunawardena, N.D. (1998). Construction Workers in Developing Countries: 
A Case Study of Sri Lanka. Journal of Construction Management and Economics, 16 ( ) 521-530. 
 
Kaming, P.F.; Olomolaiye. P.O.; Holt, G.D. and Harris, F.C. (1997). “Factors Influencing Cfaftsmen’s 
Productivity in Indonesia.” International Journal of Project Management, 15 (1) 21-30. 
 
Koskela, L. (1992). Application of the New Production Philosophy to Construction. Technical Report 
No. 72, CIFE, Stanford University. 
 
Park, H.; Thomas, S.R.; and Tucker, R.L. (2005) Benchmarking of Construction Productivity. Journal 
of Construction Engineering and Management, Vol. 131, No. 7, pp772-778. 
 
Thomas, H.R.; Horman, M.J.; Minchin Jr, R.E. and Chen, D. (2003). Improving Labour Flow Reliability 
for Better Productivity as Lean Construction Principle. Journal of Construction Engineering and 
Management, 129 (3), 251-261 
 
Thomas, H.R.; Horman, M.J.; de Souza, U.E.L. and Zavrski, I. (2002). Reducing Variability to Improve 
Performance as a Lean Construction Principle. Journal of Construction Engineering and Management, 
128 (2), 144-154 
 
Zakeri, M., Olomolaiye, P.O., Hold, G.D. and Harris, F.C. (1996). A Survey of Constraints on Iranian 
Construction Operatives’ Productivity. Journal of Construction Management and Economics, 14 (5) 
417-426. 
 
